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We consider an approach to unification of the gravitational and electromagnetic interactions based on the
existence of an effective Riemannian space in nonlinear electrodynamics. In the context of this approach,
we discuss the possibility of screening the gravitational field.
1 Introduction
The author’s works [1, 2] have suggested an ap-
proach to solving the problem of unification of grav-
itation and electromagnetism on the basis of the
existence of an effective Riemannian space for in-
teracting solitons in nonlinear electrodynamics. In
[1], Mie’s model of nonlinear electrodynamics was
considered, and in [2] that of Born-Infeld. A char-
acteristic feature of the present approach to the
unification problem is that gravitation is secondary
with respect to electromagnetism, or one can say
that it is induced by nonlinear electromagnetism.
Different aspects of this approach have been dis-
cussed in [3–7] and elsewhere.
Under such an approach, it is natural to ex-
pect that some aspects of electromagnetism should
manifest themselves in gravitation as well. In par-
ticular, one can raise the question of screening the
gravitational field similar to the well-known elec-
tromagnetic field screening.
2 The field model and electro-
magnetic particles
As the field of the model, we take the 4-vector field
Aµ (Greek indices take the values 0, 1, 2, 3), since
it is this vector with respect to which the action
functional is varied in electrodynamics. The elec-
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tromagnetic tensor is defined in the usual way,
Fµν =
∂Aν
∂xµ
−
∂Aµ
∂xν
. (1)
As the variational principle of the model, the
following generally covariant variational principle
is taken:
δ
∫ √
|det(Gµν)| (dx)
4 = 0,
Gµν = gµν + χ
2 Fµν . (2)
where gµν is the metric tensor of flat space-time,
(dx)4 ≡ dx0dx1dx2dx3 , and χ is a dimensionful
constant.
This variational principle was considered in a
somewhat more general form by A.S. Eddington [8]
and A. Einstein [9]. M. Born and L. Infeld [10] have
considered an electrodynamic model corresponding
to the variational principle (2).
The set of equations obtained from the varia-
tional principle (2) has the form
∂
∂xµ
√
|g| fµν = 0, (3)
where
fµν ≡
χ−2 ∂L
∂(∂µAν)
=
1
L
(
Fµν −
χ2
2
J εµνσρ Fσρ
)
,
(4)
L ≡
√
| 1− χ2 I − χ4 J 2 |,
I ≡ Fµν F
νµ/2,
J ≡ εµνσρ F
µνF σρ/8,
ε0123 ≡
√
|g|, ε0123 = −1/
√
|g|.
2The symmetric stress-energy tensor of the model
has the form
T µ.ν ≡
(
fµρ Fνρ − χ
−2 (L − 1) δµν
)
/4pi. (5)
The characteristics equation in this model has
the following remarkable form:
g˜µν
∂Φ
∂xµ
∂Φ
∂xν
= 0, (6)
where Φ(xµ) = 0 is the equation of the character-
istic surface,
g˜µν ≡ gµν − 4pi χ2 T µν . (7)
Here T µν is the stress-energy tensor of the form
(5).
The set of equations in this model has spatially
localized solutions which are attributed to electro-
magnetic particles. The simplest solution of this
kind, possessing spherical symmetry, has been con-
sidered by Born and Infeld as a model of the elec-
tron [9]. This solution has a finite total energy
(mass). However, since the spherically symmetric
solution does not possess a magnetic moment and
a total angular momentum (spin), it cannot be re-
lated to the real electron. More complex solutions
with axial symmetry can have a mass, a spin and
a magnetic moment [2, 12].
In addition to a static part, particlelike solu-
tions should have a rapidly oscillating part respon-
sible for the wave properties of particle and, as it
turns out in the present approach, for the gravita-
tional interaction [13].
3 The effective Riemannian space
and gravitation
In an investigation of a multiparticle solution us-
ing a perturbation method, one takes as an ini-
tial approximation a sum of one-particle solutions
with trajectories determined from the condition
of total momentum conservation in the localiza-
tion domains of solitonic particles [2]. n this way
one obtains the electromagnetic interaction of soli-
tonic particles. This interaction originates from
the static part of the solitonic solution (in its own
reference frame).
To explain the gravitational interaction in this
approach, it is necessary to take into account the
rapidly oscillating part of the soliton under study
and the field of remote solitons. In addition, it is
necessary to take into account the rapidly oscillat-
ing electromagnetic background.
In the initial approximation, the light wave and
the rapidly oscillating part of a solitonic particle
propagate along geodesics of the effective Rieman-
nian space with the metric g˜µν , depending on the
field of remote solitons. This follows from the char-
acteristic equation (6) [2].
In the initial approximation, the static part and
the rapidly oscillating part of a massive solitonic
particle are connected. In this way, the static part
is as though dragged by the rapidly oscillating part.
For a correct behavior of the effective metric
(i.e., in order to obtain the Newtonian potential),
the radiation background must be taken into con-
sideration [3, 13].
Thus the gravitational interaction is stipulated
by the rapidly oscillating component of solitonic
solutions.
4 On possible screening
of gravity
Since in the framework of the present approach the
gravitational interaction is a manifestation of the
electromagnetic field nonlinearity, it is logical to
consider the opportunity of screening the gravita-
tional field similar to electromagnetism. Herewith,
since gravity is related to the rapidly oscillating
part of the solitonic solutions, one should consider
a shield for electromagnetic waves as a prototype
gravitational screen.
As shown in [13], the Newtonian potential in
the effective metric created by a certain soliton can
emerge due to an interaction between the rapidly
oscillating part of the soliton with the radiation
background. If one places the soliton into a per-
fectly reflecting sphere, there will be no interaction
between the soliton and the radiation background.
It should be noted that outside the sphere the ra-
diation background will excite the corresponding
spherical modes of standing electromagnetic waves.
Their interaction with the background can again
give a Newtonian potential in the effective metric.
However, if we suppose that the radiation back-
ground has a sufficiently small magnitude, then the
gravitational field outside the sphere will be weaker
than if the spherical screen were absent.
Moreover, if one places a plane plate of finite
3size closely to a soliton, then, in the shade region
for the solitonic radiation (i.e., for the rapidly os-
cillating part of the solution), one can also expect
weakening of the soliton’s gravitational field.
Of interest is certainly the question of the exis-
tence of substances from which one could fabricate
such a reflecting screen. To answer it, one should
above all determine the order of magnitude of the
frequency of the rapidly oscillating parts of solitonic
solutions corresponding to real particles. This fre-
quency is determined from the well-known relations
of quantum physics:
mc2 = h ν =⇒ ν =
mc2
h
=
c
λC
, (8)
where m is the particle mass, c is the speed of
light in vacuum, h is the Planck constant, ν is the
frequency, and λC is the Compton wavelength of
the particle.
Bearing in mind the Compton wavelengths of
the electron (≈ 2.4 · 10−3 nm) and proton (≈ 1.3 ·
10−6 nm), let us estimate the frequency:
ν ∼ 1020 ÷ 1023 (Hz). (9)
Such frequencies and the corresponding electro-
magnetic wavelengths are characteristic of gamma
radiation (λ < 5 · 10−3 nm).
Thus to obtain a gravitational screen in the
present approach it is necessary to have a mirror
for gamma rays.
Gamma rays are known to possess a high pen-
etrating power in usual substances, and creating
such a mirror can now seem to be an unreal idea.
One should not, however, exclude the opportunity
of obtaining, say, a nano-material that would pos-
sess the necessary properties.
5 Conclusion
In the framework of the theory under considera-
tion, there is in principle an opportunity of a gravi-
tational screening effect. Such screening may be re-
alized with the aid of materials with unusual prop-
erties.
From this viewpoint, it seems to be expedient
to carry out the corresponding experimental tests
of newly obtained (nano-)materials for the neces-
sary properties (from the viewpoint of the present
approach) for observing the gravitational screening
effect.
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